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(57) ABSTRACT 

A die comprises metal-rich sections Which form an inner 

Wall and an outer Wall of the die, respectively. Gradient 

sections are disposed adjacent to the metal-rich sections, 
respectively. Further, a ceramics-rich section is disposed 
between the gradient sections. A punch comprises an inner 
ceramics-rich section, a gradient section, and an outer metal 

rich section. In the die, the composition ratio of metal 
gradually decreases from the metal-rich sections to the 

ceramics-rich section. Similarly, in the punch, the compo 
sition ratio of the metal gradually decreases from the metal 
rich section to the ceramics-rich section. 
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MOLDING TOOL 

TECHNICAL FIELD 

[0001] The present application is a Divisional of co 
pending US. patent application Ser. No. 10/450,683, ?led 
on Jun. 17, 2003 and for Which priority is claimed under 35 
U.S.C. §120. application Ser. No. 10/450,683 is a National 
Phase of PCT International Application No. PCT/JP01/ 
10886 ?led on Dec. 12, 2001 under 35 U.S.C. §371, Which 
claims priority of JP 2000-385278 ?led in Japan on Dec. 19, 
2000; JP 2001-236885 ?led in Japan on Aug. 3, 2001 and JP 
2001-236908 ?led in Japan on Aug. 3, 2001. 

[0002] The present invention relates to a molding tool 
Which is formed of a gradient composite material containing 
ceramics and metal, and a method of producing the same. 

BACKGROUND ART 

[0003] A molding tool for punching a hole in a Workpiece 
comprises a punch for pressing the Workpiece and a die 
having a cavity for receiving the punch. The die is positioned 
under the punch. Normally, the Workpiece is placed on the 
die. Then, the punch is displaced doWnWardly toWard the 
die. A distal end of the punch is inserted into the cavity of 
the die. As a result, the Workpiece is pierced by the punch. 

[0004] Constitutive materials adopted for the die or the 
punch include, for example, SK material, SKD material, or 
SKH material de?ned by Japan Industrial Standard (so 
called high speed tool steel) containing high carbon steel as 
a major component, super alloy material such as nickel 
based alloy and cobalt-based alloy, and superhard material 
as composite material of ceramics and metal. In order to 
improve abrasion resistance, the surface of the die or the 
punch is sometimes coated With a coating ?lm of hard 
ceramics such as TiC or TiN. 

[0005] The high speed tool steel and the super alloy 
material have high strength and high toughness. HoWever, 
the high speed tool steel and the super alloy do not have 
su?icient abrasion resistance, compressive strength, and 
rigidity. The superhard material has high abrasion resistance, 
compressive strength, and rigidity. HoWever, the superhard 
material does not have suf?cient toughness and tends to 
cause cracks and breakage. That is, the characteristics of the 
high speed tool steel and the super alloy material are 
opposite to the characteristics of the superhard material. 
Therefore, the constitutive material for the die or the punch 
is selected in consideration of the constitutive material of a 
Workpiece. 
[0006] It is desirable that the die or the punch has high 
hardness, high strength, and high toughness. High hardness, 
i.e., high abrasion resistance is essential for a long service 
life. High strength helps to prevent deformation of the die or 
the punch, even if high stress is exerted thereon in piercing 
a hole in a Workpiece. Further, the die or the punch having 
high toughness scarcely suffers from the occurrence of 
cracks and breakage. HoWever, conventional dies or 
punches do not have all of the characteristics described 
above. 

[0007] For example, in the case of the die or the punch 
composed of a superhard material, it is possible to improve 
toughness by increasing the composition ratio of metal. 
HoWever, the superhard material having high metal compo 
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sition ratio does not have high hardness and strength. 
Therefore, the service life of the die or the punch may not 
be long. In contrast, it is possible to improve hardness and 
strength by decreasing the composition ratio of metal at the 
sacri?ce of toughness. HoWever, the cracks and breakage 
tend to occur more frequently. 

[0008] As described above, the superhard material having 
high hardness and strength does not have high toughness. 
The superhard material having high toughness does not have 
high hardness and strength. Therefore, it is dif?cult to 
improve all of the characteristics (hardness, strength, and 
toughness) of the die or the punch. 

DISCLOSURE OF INVENTION 

[0009] The present invention has been made in order to 
solve the problem as described above, and an object of 
Which is to provide a molding tool formed of a gradient 
composite material Which has a long service life in Which 
deformation, cracks and breakage scarcely occur, and a 
method of producing the molding tool. 

[0010] In order to achieve the above object, according to 
the present invention, a molding tool comprises a punch for 
pressing a Workpiece and a die having a cavity for receiving 
the punch, 

[0011] Wherein the punch is composed of a composite 
material containing ceramics and metal, and 

[0012] Wherein a composition ratio of the ceramics is 
increased and a composition ratio of the metal is decreased 
inWardly from a surface of the punch. 

[0013] The punch constructed as described above has 
toughness of metal, and hardness and strength of ceramics. 
Therefore, the punch is suitably used for producing a mold 
ing tool in Which the cracks and the breakage scarcely occur, 
abrasion resistance is improved, and the deformation 
scarcely occurs. 

[0014] Suitable ceramics materials used for the punch 
include at least one selected from the group consisting of 
carbide, nitride, and carbonitride of W, Cr, Mo, Ti, V, Zr, Hf, 
and lanthanoid. Suitable metal materials used for the punch 
include at least one selected from the group consisting of Fe, 
Ni, Co, and alloy composed of tWo or more of these metals. 
Additionally, the metal may further contain at least one of 
Cr, Mn, V, and Ti. 

[0015] In this case, the composition ratio of ceramics to 
the composition ratio of metal is 60:40 to 95:5 by Weight. If 
the metal is less than 5 parts by Weight, the cracks and 
breakage tend to occur, because the toughness is poor. If the 
metal exceeds 40 parts by Weight, hardness and strength, and 
abrasion resistance are poor. Therefore, the deformation 
tends to occur When a Workpiece is punched out. 

[0016] It is preferable that the surface of the punch has 
Vickers hardness of not less than 1200 for prolonging the 
service life of the punch and improving the accuracy of 
punching the Workpiece. 

[0017] According to another aspect of the present inven 
tion, a method of producing a molding tool comprises the 
steps of: 

[0018] forming a compact using mixed poWder compris 
ing ceramics poWder and metal poWder; 
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[0019] sintering said compact to prepare a porous member 
(primary sintering step); 
[0020] impregnating the porous member With a catalyst 
containing solution; and 
[0021] resintering said porous member impregnated With 
the catalyst-containing solution in an atmosphere of nitrid 
ing gas to prepare a dense sintered product as a punch 
(secondary sintering step), 
[0022] Wherein the nitriding gas is introduced into a 
furnace at the beginning of raising temperature of the 
furnace in the resintering step. 

[0023] In this procedure, in the secondary sintering step, 
the metal grains existing in the vicinity of the surface of the 
porous member start the grain groWth earlier than the 
ceramics grains. Further, the grain groWth of the ceramics 
grains existing in the vicinity of the surface of the porous 
member are suppressed by the nitriding gas such as nitrogen, 
because the nitriding gas generally inhibits the grain groWth 
of the ceramic gains. The grain groWth of the ceramics 
grains existing centrally in the porous member is not sup 
pressed, because the nitriding gas hardly exists centrally in 
the porous member. Further, the grain groWth of the ceram 
ics grains in the porous member is accelerated by the 
catalyst. 
[0024] For the reason as described above, the metal grains 
are concentrated in the vicinity of the surface. In this 
manner, it is possible to obtain the punch (gradient com 
posite material) in Which the composition ratio of the metal 
is decreased and the composition ratio of the ceramics is 
increased inWardly from the surface. 

[0025] In order to provide the molding tool having suffi 
cient hardness, strength, and toughness for use in plastic 
forming and punch press stamping, it is preferable that the 
ceramics grains are composed of at least one selected from 
the group consisting of carbide, nitride, and carbonitride of 
W, Cr, Mo, Ti, V, Zr, Hf, and lanthanoid, and the metal grains 
are composed of at least one selected from the group 
consisting of Fe, Ni, Co, and alloy comprising tWo or more 
of these metals. Further, at least one of Cr, Mn, V, and Ti may 
be added to the metal grains. In this case, the composition 
ratio of ceramics and metal is 60:40 to 95:5 by Weight. If the 
metal is less than 5 parts by Weight, the cracks and breakage 
tend to occur, because toughness is poor. If the metal 
exceeds 15 parts by Weight, hardness and strength, and 
abrasion resistance are poor. Therefore, the deformation 
tends to occur When a Workpiece is punched out. 

[0026] Fe, Ni, Co, Mn, Cr, Mo, Ti, or lanthanoid are 
preferable examples of the catalyst in the catalyst-containing 
solution. 

[0027] The nitriding gas is preferably nitrogen, for 
example, since it is easy to handle the gas and it is easy to 
control the reaction velocity. 

[0028] The above and other objects, features, and advan 
tages of the present invention Will become more apparent 
from the folloWing description When taken in conjunction 
With the accompanying draWings in Which a preferred 
embodiment of the present invention is shoWn by Way of 
illustrative example. 

BRIEF DESCRIPTION OF DRAWINGS 

[0029] FIG. 1 is a longitudinal sectional vieW shoWing 
main components of a molding tool formed of a gradient 
composite material according to an embodiment of the 
present invention; 
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[0030] FIG. 2 is a cross sectional vieW as vieWed along a 
line II-II indicated by arroWs shoWn in FIG. 1; 

[0031] FIG. 3 is a cross sectional vieW as vieWed along a 
line III-III indicated by arroWs shoWn in FIG. 1; 

[0032] FIG. 4 is a How chart illustrating a method of 
producing a punch and/or a die of the molding tool accord 
ing to the embodiment of the present invention; and 

[0033] FIG. 5 is a graph illustrating Vickers hardness of 
the die shoWn in FIG. 2 depending on the distance from an 
outer surface of the die toWard a cavity surface; and 

[0034] FIG. 6 is a graph illustrating Vickers hardness of 
the punch shoWn in FIG. 3 depending on the distance 
inWardly from an outer surface of the punch. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0035] A preferred embodiment of the molding tool and 
the method of producing the same according to the present 
invention Will be described in detail With reference to the 
accompanying draWings. 
[0036] FIG. 1 is a longitudinal sectional vieW shoWing 
main components of a molding tool 10 formed of a gradient 
composite material according to the embodiment of the 
present invention. As shoWn in FIG. 1, the molding tool 10 
comprises a loWer ?xed table 12 and an upper movable table 
14. The ?xed table 12 includes a die set 16 for supporting a 
reinforcement ring (die holder) 18. The reinforcement ring 
18 holds a die 20. In the center of the die 20, a cavity 22 is 
de?ned. A distal end of a knockout pin 25 is slidably 
displaced in the cavity 22. The knockout pin 25 is displaced 
up and doWn When a rod 24 is displaced to abut against the 
knockout pin 25. 

[0037] The movable table 14 includes a punch plate 26 for 
supporting a punch holder 28. The punch holder 28 holds a 
punch 30. When the movable table 14 is displaced doWn 
Wardly, a Workpiece 32 is pressed by the punch 30. In this 
manner, punch press stamping of the Workpiece 32 is 
performed. In FIG. 1, a reference numeral 34 denotes a scrap 
punched out from the Workpiece 32. 

[0038] FIG. 2 is a cross sectional vieW as vieWed along a 
line II-II indicated by arroWs shoWn in FIG. 1. As shoWn in 
FIG. 2, the die 20 has a cylindrical shape. The die 20 
comprises ?ve sections of different composition ratios. A 
metal-rich section 40a, and a metal-rich section 40b form an 
inner Wall (inner surface) and an outer Wall (outer surface) 
of the die 20, respectively. In each of the metal-rich sections 
40a, 40b, the composition ration of metal is relatively large. 
Gradient sections 42a, 42b are disposed adjacent to the 
metal-rich sections 40a, 40b, respectively. Further, a ceram 
ics-rich section 44 is disposed betWeen the gradient sections 
42a, 42b. In the ceramics-rich section 44, the composition 
ratio of ceramics is relatively large in comparison With the 
metal-rich sections 40a, 40b. In the gradient section 4211, the 
composition ratio of metal gradually decreases outWardly 
from the metal-rich section 4011 to the ceramics-rich section 
44. In the gradient section 42b, the composition ratio of 
metal gradually decreases inWardly from the metal-rich 
section 40b to the ceramics-rich section 44. 

[0039] In the die 20, the composition ratio of metal is 
highest in the metal-rich sections 40a, 40b constituting the 
inner Wall (inner surface) and outer Wall (outer surface) of 
the die 20. The composition ratio of metal is gradually 
decreased from the metal-rich sections 40a, 40b to the 
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ceramic-rich section 44. In contrast, the composition ratio of 
ceramics is loWest in the metal-rich sections 40a, 40b 
constituting the inner Wall (inner surface) and outer Wall 
(outer surface) of the die 20. The composition ratio of 
ceramics is gradually increased from the metal-rich sections 
40a, 40b to the ceramic-rich section 44. 

[0040] Additionally, the metal may further contain at least 
one of Cr, Mn, V, and Ti. When the ceramics and the metal 
as described above are used as the constitutive materials, it 
is possible to form the die 20 and the punch 30 having 
su?icient strength, hardness, and toughness. 

[0041] When the above ceramics and metal are used as the 
constitutive materials for the die 20 and the punch 30, the 
composition ratio of ceramics and metal is 60:40 to 95:5 
(Weight ratio). If the metal is less than 5 parts by Weight, the 
cracks and breakage tend to occur, because toughness is 
poor. If the metal exceeds 40 parts by Weight, hardness and 
strength, and abrasion resistance are poor. Therefore, the 
deformation tends to occur When a Workpiece is punched 
out. 

[0042] It is preferable that the cavity surface de?ning the 
cavity of the die 20 has Vickers hardness (Hv) of not less 
than 1200. If Hv is less than 1200, the service life of the die 
20 may not be long, because hardness is poor. Further, in this 
case, the coef?cient of friction (u) betWeen the Workpiece 
and the die 20 is high. As a result, heat and stress generated 
during punch press stamping are increased. Therefore, the 
surface of the Workpiece tends to be punched out inaccu 
rately. In order to ensure the accuracy of punching holes in 
the surface of the Workpiece and the long service life of the 
die 20, it is preferable that Hv is not less than 1300. 

[0043] In the molding tool 10 having die 20 and the punch 
30 formed of a gradient composite material as described 
above, toughness is high at the surface (in the outer section), 
and hardness and strength are high in the inner section. That 
is, all of the hardness, strength, and toughness are suf?cient 
When the Workpiece is subjected to punch press stamping. 
Therefore, the service life is long, the deformation scarcely 
occurs, and the cracks and breakage scarcely occur. 

[0044] The die 20 and the punch 30 can be produced in 
accordance With a method shoWn in a How chart in FIG. 4. 
As shoWn in FIG. 4, the production method comprises a 
sintering step S1 of obtaining a compact, a primary sintering 
step S2 of sintering the compact to prepare a porous mem 
ber, an impregnating step S3 of impregnating the porous 
member With a catalyst-containing solution, and a secondary 
sintering step S4 of resintering the porous member to 
prepare a dense sintered product. 

[0045] In step S1, ceramics poWder and metal poWder are 
mixed to obtain mixed poWder. For the reason as described 
above, it is preferable to use ceramics poWder of at least one 
selected from the group consisting of carbide, nitride, and 
carbonitride of W, Cr, Mo, Ti, V, Zr, Hf, and lanthanoid. 
Further, it is preferable to use metal poWder of at least one 
selected from the group consisting of Fe, Ni, Co, and alloy 
comprising tWo or more of these metals. Further, at least one 
of Cr, Mn, V, and Ti may be added. The composition ratio 
of ceramics poWder and metal poWder (ceramics poWder: 
metal poWder) in the mixed poWder is in the range of 60:40 
to 95:5 by Weight. 

[0046] A forming load is applied to the mixed poWder to 
prepare the compact having a shape corresponding to the die 
20 or the punch 30. In this process, the forming load is 
determined such that the metal poWder does not cause any 
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plastic deformation, in order to obtain the porous member in 
the primary sintering step S2 as described later on. Speci? 
cally, it is preferable that the forming load is about 100 to 
300 MPa. In this case, the occurrence of plastic deformation 
of the metal poWder is successfully avoided, and hence open 
pores of the compact are not closed. 

[0047] Subsequently, in the primary sintering step S2, the 
compact is sintered into the porous member such that the 
pores remain open. If a dense sintered product is prepared at 
this stage, it is dif?cult to impregnate the dense sintered 
product With the catalyst-containing solution in the impreg 
nating step S3. 

[0048] Therefore, the sintering temperature and the time in 
the primary sintering step S2 are determined such that only 
the metal grains are fused to one another, and the sintering 
process is ?nished When necks are formed betWeen the metal 
grains. In the primary sintering step S2, the ceramics grains 
are not fused to one another. Accordingly, the volume is not 
changed signi?cantly in the process in Which the compact is 
converted into the porous member. 

[0049] Subsequently, in the impregnating step S3, the 
porous member is impregnated With the catalyst-containing 
solution. Speci?cally, the porous member is immersed in the 
catalyst-containing solution. As a result of the immersion, 
the catalyst-containing solution permeates into the porous 
member via the open pores. 

[0050] In the secondary sintering step S4, any catalyst 
Which suitably facilitates the groWth of the ceramics grains 
can be used, including, but not limited to, Fe, Ni, Co, Mn, 
Cr, Mo, Ti, and lanthanoid. Those usable as the catalyst 
containing solution include a solution obtained by dissolv 
ing a metal salt containing the metal as described above in 
a solvent, and an organic metal solution. 

[0051] In this procedure, the catalyst is dispersed or dis 
solved in the solvent, and dissociated into single molecules 
or ions. Therefore, in the impregnating step S3, the catalyst, 
Which is dissociated into single molecules or ions, is uni 
formly dispersed in the porous member. Accordingly, the 
grain groWth of the ceramics grains in the secondary sin 
tering step S4 is facilitated inWardly from the surface, in the 
porous member. 

[0052] After the impregnating step S3, the catalyst-con 
taining solution is left to stand, and dried naturally. Alter 
natively, the porous member may be heated to dry the 
catalyst-containing solution. 

[0053] Finally, in the secondary sintering step S4, the 
porous member is resintered in a nitrogen atmosphere to 
prepare the dense sintered product. The nitriding gas, Which 
is used as the atmosphere, is introduced into a fumace at the 
beginning of raising temperature of the furnace in the 
secondary sintering step S4. Accordingly, the dense sintered 
product (gradient composite material), i.e., the die 20 or the 
punch 30 as the product, in Which the composition ratio of 
ceramics and metal is 60:40 to 95:5, is obtained. 

[0054] In the secondary sintering step S4, the grain groWth 
of the ceramics grains existing in the vicinity of the surface 
of the porous member is inhibited by the nitriding gas as the 
atmosphere. The nitriding gas is hardly introduced into the 
porous member. Therefore, the degree of inhibition of the 
grain groWth of the ceramics grains existing in the porous 
member by the nitriding gas is small as compared With the 
surface. Further, the grain groWth of the ceramics grains 
existing in the porous member is facilitated by the catalyst. 
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[0055] Consequently, in the secondary sintering step S4, 
the grain growth of the ceramics grains is suppressed in the 
vicinity of the surface of the porous member, and the grain 
growth is facilitated in the porous member. As a result, the 
metal grains are rearranged such that the metal grains are 
concentrated in the vicinity of the surface. That is, in the 
resulting gradient composite material (die 20, punch 30), the 
composition ratio of the metal is high in the vicinity of the 
surface of the porous member, and the composition ratio of 
the ceramics is high in the porous member. 

[0056] As described above, it is possible to increase the 
degree of the grain groWth of the ceramics grains existing in 
the porous member impregnated With the catalyst-contain 
ing solution as compared With the portion located in the 
vicinity of the surface, in the secondary sintering step S4 by 
introducing the nitriding gas atmosphere at the beginning of 
raising temperature. Thus, rearrangement of the metal grains 
occurs. Accordingly, it is possible to obtain the gradient 
composite material (die 20 or punch 30) in Which the 
composition ratio of metal is decreased and the composition 
ratio of the ceramics is increased inWardly from the surface. 

[0057] In the embodiment of the present invention, the 
forming step Si and the primary sintering step S2 are 
performed separately. Alternatively, the both steps S1, S2 
may be performed simultaneously, for example, by hot 
isostatic pressing (HIP). 

EXAMPLES 

[0058] Mixed poWder Was prepared by mixing, 90 parts by 
Weight of tungsten carbide (WC) poWder having an average 
grain siZe of 1 pm, and 10 parts by Weight of cobalt (Co) 
having an average grain siZe of 1.4 pm. Subsequently, the 
mixed poWder Was formed to have a shape corresponding to 
the punch 30 (see FIGS. 1 and 3) With a molding pressure 
of 120 MPa to obtain a compact. The obtained compact Was 
maintained at 1273 K for 30 minutes to prepare a porous 
member. 

[0059] Subsequently, the porous member Was immersed in 
a nickel nitrate solution having a concentration of 10% for 
one minute. Thus, the Ni ion Was dispersed in the porous 
member. Then, the porous member Was left for an hour at 
90° C., and dried. 

[0060] Subsequently, the porous member Was placed in a 
nitrogen atmosphere for 90 minutes at 14000 C. Thus, the 
punch 30 formed of a gradient composite material Was 
obtained. The nitrogen Was introduced into a furnace at the 
time of raising temperature of the furnace. 

[0061] Further, the die 20 (see FIGS. 1 and 2) formed of 
a gradient composite material Was obtained in the same 
manner. 

[0062] For the purpose of comparison, comparative dies 
and a comparative punches Were prepared. In producing the 
comparative dies and comparative punches, the immersion 
process With the catalyst-containing solution Was omitted. 
Durability of the die 20, punch 30, comparative die, com 
parative punch Were tested under the condition as described 
later on. 

[0063] Composition ratio of metal in the die 20 and the 
punch 30 Were examined. In the metal-rich sections 40a, 
40b, 48, the composition ratio of metal Was 13 to 14 Wt % 
(Weight percent). In the ceramics-rich sections 44, 46, the 
composition ration of metal Was 7 Wt %. 
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[0064] Then, the die 20, punch 30, comparative die, and 
comparative punch Were cut for examining cross sectional 
surfaces of the die 20, punch 30, comparative die, and 
comparative punch. FIG. 5 shoWs Vickers hardness in the 
cross sectional surfaces of the die 20 and comparative die. 
FIG. 6 shoWs Vickers hardness in the cross sectional sur 
faces of the punch 30, and comparative punch. In FIG. 5, 
Vickers hardness of the die 20 is shoWn in the direction from 
the metal-rich section (outer surface) 40b to the metal-rich 
section (cavity surface) 4011. Similarly, Vickers hardness of 
the comparative die is shoWn from the outer surface to the 
cavity surface. In FIG. 6, Vickers hardness of the punch 30 
is shoWn in the direction from the metal-rich section (outer 
surface) 48 to the ceramics rich section 46 (inner section). 
Similarly, Vickers hardness of the comparative punch is 
shoWn from the outer surface to the inner section. 

[0065] As shoWn in FIGS. 5 and 6, the comparative die or 
the comparative punch has uniform Vickers hardness in its 
entire cross section. In contrast, the die 20 is composed of a 
gradient composite material in Which Vickers hardness in 
the ceramics-rich section (inner section) 44 is high in 
comparison With V1ckers hardness in the metal-rich sections 
42a, 42b. The punch 30 is also composed of a gradient 
composite material in Which Vickers hardness in the ceram 
ics-rich section (inner section) 46 is high in comparison With 
Vickers hardness in the metal-rich section (outer surface) 48. 

[0066] Next, ?exural strength of the punch 30 and the 
comparative punch Was examined. In the punch 30, the 
?exural strength of the metal-rich section 48 Was 5.2 GPa, 
and the ?exural strength of the ceramics-rich section 46 Was 
3 .6 GPa. The ?exural strength of the comparative punch Was 
in the range of 2.8 GPa to 3.2 GPa. Therefore, the ?exural 
strength of the punch 30 Was signi?cantly higher than the 
?exural strength of the comparative punch. Rigidity of the 
punch 30 and the comparative punch Was also examined. 
The rigidity of the ceramics-rich section 46 Was 597 GPa, 
Which Was 40 GPa higher than the rigidity of the compara 
tive punch. It Was found that the ?exural strength and 
rigidity of the punch 30 Were higher than those of the 
comparative punch. 
[0067] Next, an experiment for testing durability of the 
punch 30 Was performed. The movable table 14 Was dis 
placed doWnWardly toWard the ?xed table 12 to punch out 
holes in an SNCM630 having a thickness of 14 mm With the 
punch 30. It took one second for one punching. Punching 
Was performed successively for a predetermined period of 
time. The maximum force applied to the SNCM630 Was 4.3 
GPa. It Was determined Whether any cracks, breakage, or 
deformation Was formed in the punch 30 during the punch 
ing operation. Further, durability of the comparative 
punches Were tested under the same condition. According to 
the experiment, the comparative punches Were crashed 
under pressure after several shots to 230 shots (at the 
maximum) of punching operation. In contrast, the punch 30 
Was not deformed even after 800 shots of punching opera 
tion. No cracks or breakage Were found in the punch 30. 

[0068] Further, Workpieces punched out by the punch 30 
and the comparative punch Were examined. It Was found that 
the Workpiece punched out by the punch 30 has smooth and 
accurate surfaces in comparison With the Workpiece punched 
out by the comparative punch. 

[0069] In the next experiment, an SCM420 having a 
thickness of 12 mm formed by backWard extrusion in a cold 
forging process is used as a Workpiece. In this case, the 
comparative punch Was broken after 3,000 shots of punch 



US 2007/0098832 A1 

ing operation. In contrast, the punch 30 Was broken after 
300,000 shots of punching operation. 

[0070] Next, the punch 30 and the comparative punches 
Were used as nut formers for making a nut by punching out 
a hole in an SUS304 or an SUS316 as a Workpiece. The 
comparative punches used in the experiment include one 
Which is coated With TiN. The punch press stamping Was 
performed at the speed of 150 to 250 cpm. The comparative 
punch Without any coating Was not able to punch out the 
Workpiece in a predetermined shape after 200,000 shots of 
punching operation. The comparative punch having TiN 
coating Was not able to punch out the Workpiece after 
1,000,000 shots of punching operation. The punch 30 Was 
able to make 1,300,000 to 1,400,000 holes in the Workpiece 
With a high degree of surface accuracy. 

[0071] It is clear from the above experiments that abrasion 
resistance and shock resistance of the punch 30 are better 
than those of the comparative punches. 

[0072] Another experiment Was performed for testing 
durability of the die 20. Cold forging Was performed in the 
cavity 22 of the molding tool 10 With a JIS SUH35 equiva 
lent material having a thickness of 8 mm for a predetermined 
period of time. The forming cycle Was one second. The 
maximum force applied to the JIS SUH35 equivalent mate 
rial Was 2.8 GPa. It Was determined Whether any cracks, 
breakage, or deformation Was formed in the punch 30 during 
the cold forging. Further, durability of the comparative dies 
Was tested under the same condition. According to the 
experiment, cracks or breakage Were formed in the com 
parative dies after 20 to 52 minutes. In contrast, no cracks or 
breakage Were formed in the die 30 even after 10 hours. 

[0073] Further, durability of the die 20 Was tested using a 
JIS SUH 38 equivalent material in cold forging at the speed 
of 100 cpm. According to the experiment, the comparative 
dies Were not able to plastic-deform the Workpiece in a 
predetermined shape after 3,000 to 5,000 shots of cold 
forging operation. In contrast, the die 20 Was able to 
plastically deform the Workpiece for 100,000 shots of cold 
forging operation. 
[0074] Then, the comparative die and the die 20 Were used 
for plastically deforming the Workpiece at a variety of 
different speeds. As a result, in the comparative die, cracks 
Were formed at the speed of 180 m/ s. In the die 20, cracks 
Were formed at the speed of 560 m/s. That is, the die 20 can 
plastically deform the Workpiece at a considerably high 
speed. 
[0075] As described above, the molding tool according to 
the present invention includes the punch Which is composed 
of the gradient composite material in Which the composition 
ratio of the metal is decreased and the composition ratio of 
the ceramics is increased inWardly from the surface. There 
fore, the punch according to the present invention has high 
hardness and strength as Well as high toughness. Accord 
ingly, the molding tool has the long service life, and the 
deformation scarcely occurs, because the molding tool is 
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excellent in abrasion resistance. Further, the cracks and 
breakage scarcely occur. Furthermore, it is also possible to 
improve molding accuracy. 

[0076] In the method of producing the molding tool 
according to the present invention, the porous member 
impregnated With the catalyst-containing solution is resin 
tered in the nitrogen atmosphere to prepare the punch 
(gradient composite material). In this procedure, the grain 
groWth of the ceramics grains existing in the vicinity of the 
surface of the porous member is suppressed With the nitro 
gen, While the grain groWth of the ceramics grains existing 
in the porous member is facilitated With the catalyst. Accord 
ingly, the metal grains are concentrated at the surface. 
Therefore, it is possible to obtain the punch in Which the 
composition ratio of the metal is decreased and the compo 
sition ratio of the ceramics is increased inWardly from the 
surface, i.e., the punchy has high toughness at the surface 
and high hardness internally. 

[0077] While the invention has been particularly shoWn 
and described With reference to a preferred embodiment, it 
Will be understood that variations and modi?cations can be 
effected thereto by those skilled in the art Without departing 
from the spirit and scope of the invention as de?ned by the 
appended claims. 

1. A molding tool comprising a punch for pressing. a 
Workpiece and a die having a cavity for receiving said 
punch, 

Wherein at least one of said punch and said die is 
composed of a gradient composite material containing 
ceramics and metal, and 

Wherein a composition ratio of said ceramics is increased 
and a composition ratio of said metal is decreased 
inWardly from a surface of said punch or said die. 

2. The molding tool according to claim 1, Wherein at least 
one of said punch and said die contains, as said ceramics, at 
least one selected from the group consisting of carbide, 
nitride, and carbonitride of W, Cr, Mo, Ti, V, Zr, Hf, and 
lanthanoid, and contains, as said metal, at least one selected 
from the group consisting of Fe, Ni, Co, and alloy compris 
ing tWo or more of these metals, and said composition ratio 
of said ceramics to said composition ratio of said metal is 
60:40 to 95:5 by Weight. 

3. The molding tool according to claim 2, Wherein at least 
one of said punch and said die further contains, as said 
metal, at least one of Cr, Mn, V, and Ti. 

4. The molding tool according to claim 1, Wherein Vickers 
hardness of said surface of at least one of said punch and said 
die is not less than 1200. 

5. The molding tool according to claim 3, Wherein Vickers 
hardness of said surface of at least one of said punch and said 
die is not less than 1200. 


